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Who is Axens (Briefly) 

5  
 markets  
covered Petrochemicals Gases Alternatives  

& Renewables Water 

over 

2,400 industrial units 
under license 

over 

60,000 tons of catalysts 
& adsorbents 

produced each year 

 10 Subsidiaries and  
Joint Ventures 

7 Production  
Sites 

A
ct

iv
it
ie

s Process Licensing 

Catalysts & Adsorbents 

Consulting Services 

Axens was created in 2001  
 
Merger of Procatalyse (Catalysts and Adsorbents) 
and the Technology Licensing & Service Division 
of IFP Energies Nouvelles 
 
This combination provides a single-source 
offering of technologies, products and services 

Refining 
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2017 Acquisition of Heurtey Petrochem 
To strengthen its offer for the refining, petrochemicals, natural & industrial gases, biofuels 
& renewable petrochemical intermediates markets Axens has acquired Heurtey Petrochem, 
including its fully owned subsidiary, Prosernat 

 International Oil & Gas Engineering Group 
 Two main business lines/Technologies provider 
 Main businesses are specialized equipment & modular solutions 

 
                              DESIGN AND FABRICATION OF 
                              PROCESS FURNACES            OIL & GAS PROCESSING SOLUTIONS* 

REFINING  PETROCHEMICALS HYDROGEN / SYNGAS 
PRODUCTION 

NATURAL GAS 
TREATMENT 

DESALTING / 
SEPARATION 

SULFUR 
RECOVERY 

* PROSERNAT: 100%  affiliate of HEURTEY PETROCHEM 
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Axens Group: 
A Complete Range of Solutions 

   FROM DESIGN TO CONSTRUCTION    PLANT START-UP 1 2 

   OPERATION SUPPORT THROUGHOUT THE LIFE-CYCLE OF THE PLANT 3 

Technical 
consulting 

License &  
Basic 

Engineering 

Equipment  
supply 

Detailed 
Engineering 

Construction 

Training for 
operators 

Unit start-up & 
performance check 

(test-run) 

First loads of 
catalysts and/or 

adsorbents 

Unit and equipment 
commissioning 

New equipment  
supply 

Follow-up  
& assistance 

Energy & water 
audits 

Unit  
revamping 

Re-loads of 
catalysts and/or 

adsorbents 

Refresher  
training for 
operators 

Advanced 
software & 

applications 

Product life-cycle 
management 

Detailed 
Engineering 

Fabrication 
of furnaces & 
modular units  

Equipment  
supply 

Products Technologies Consulting services Operations support Outside Axens perimeter Heurtey Petrochem & Prosernat 
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Axens Group 

CANADA 
Brockville, Ontario 

UNITED STATES 
OF AMERICA 
Houston, Texas 

Princeton, New Jersey 
Willow Island, West Virginia 

Savannah, Georgia 
Calvert City, Kentucky 

O’Fallon, Missouri 
Los Angeles, California 

Tulsa, Oklahoma 

FRANCE 
Rueil-Malmaison (HQ) 
Salindres 
Solaize 
Vincennes 
La Défense 
 

BRAZIL 
Rio de Janeiro 

UNITED  
ARAB EMIRATES 
Dubai 

SAUDI ARABIA 
Dammam 

BAHRAIN 
Manama 

ROMANIA 
Bucharest 
Buzau 

RUSSIA 
Moscow 
St. Petersburg 

SOUTH KOREA 
Seoul 

JAPAN 
Tokyo 

KAZAKHSTAN 
Almaty 

INDIA 
New Delhi 
Mumbai 
Vadodara 

MALAYSIA 
Kuala Lumpur 

CHINA 
Beijing 

Axens 
    Offices 
    Production sites 
 

Heurtey Group 
    Offices 
    Production sites 
    Support / Sales offices 
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Coal Conversion to Liquid Fuel: Challenge 

 Increase hydrogen-to-carbon ratio to convert coal to liquid fuels 
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Overview – Indirect Liquefaction of Coal 

Coal Gasification 
FT 

Synthesis 
Conversion 

Coal 
Liquids 
Refining 

𝐶𝐶𝐶𝐶 + 2 𝐻𝐻𝐻 → [−𝐶𝐶𝐶𝐶𝐶−] +  𝐻𝐻𝐻𝐻𝐻 

1 MT 
2.5 - 3.0 
Barrels 
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Overview – Direct Coal Liquefaction 

Coal Coal 
Conversion 

Coal Liquids 
Refining 

1 MT 
3.5 - 4.0 
Barrels 
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Awarded Nobel Prize in 1931 

Direct Coal Liquefaction – Friedrich Bergius 
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Axens Ebullated-Bed Technology 
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Axens Direct Coal Liquefaction Technology 
H-Coal® Process  
Based on the H-Oil Process 
 
H-Coal Development History 
 

› Same development path/units as H-Oil 
 

› Pilot plant development started in 1960’s 
 

› Demonstration scale unit (200 TPD) in 1980’s 
 

› Axens prepared basic engineering design and provided 
start-up support for Shenhua Direct Coal Liquefaction Plant 
– Start-up in 2008 
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DCL Technology Options 
 H-Coal 

• Single reaction stage - H-Coal 
› Distillate liquid product is 3 barrels per ton of 

coal 
› successfully demonstrated and scaled to a 200 

ton per day pilot plant 

• Two reaction stages  - H-Coal TS 
› Distillate liquid product yield up to 5 barrels per 

ton 
 

 Coal/Oil Co-Processing  
• Petroleum-derived oil replaces the 

recycle oil  
› Reduced capital investment requirements 

 

Feedstock Flexibility 

Technology Options and Feed Flexibility 
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H-Coal TS Product Yields and Process Performance 
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Bituminous

SubbituminousCoal Feed Bituminous 
Deep Cleaned 

Bituminous 
Sub-

Bitumninous 
Carbon 69.0 69.0 73.9 67.7 
Hydrogen 4.5 4.5 4.9 4.5 
Nitrogen 1.3 1.3 1.5 1.1 
Sulfur 3.5 3.5 2.7 0.5 
Ash 11.1 11.1 5.8 6.0 
Oxygen 10.6 10.6 11.1 20.2 
Total 100.0 100.0 100.0 100.0 
H/C 0.8 0.8 0.8 0.8 
O/C 0.1 0.1 0.1 0.2 
Operating Conditions 1-Stage 2-Stage 2-Stage 2-Stage 
Space Velocity/Stage Base 0.75 * Base 0.50 * Base 0.33 * Base 
R1 Temperature, °C 455 400 400 415 
R2 Temperature, °C --- 440 440 445 
Yields, W% MAF         
H2S/NH3/H2O 12.3 14.7 14.1 22.4 
C1-C3 12.0 6.6 8.6 9.4 
C4-525 °C 53.2 67.2 78.0 63.6 
525 °C+ 21.5 12.6 2.7 4.4 
Unconverted Coal 6.5 5.2 3.9 8.2 
Total (100+ H2 Cons) 105.5 106.3 107.3 108.0 
Process Performance         
Coal Conversion, W% 93.5 94.8 96.1 91.8 
Liquid Yield, Bbl/MT 3.4 4.1 5.0 4.2 
Distillate Selectivity 4.4 10.2 9.1 6.8 
Hydrogen Efficiency 9.6 10.7 10.7 8.0 
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Assessment of Development Status 
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China - Shenhua Direct Coal Liquefaction 
Project  

 First large-scale 
commercial direct coal 
liquefaction plant since 
World War II 
• Location: Majiata, Erdos City, 

Inner Mongolia 
• Overall scale: 5-Million TPA 

oil product (in two phases) 
• First train capacity: 1-Million 

TPA liquefaction oil  
› 6000 TPD coal feed – 20,000 

BPD oil products 
 

Majiata 
DCL 

Products Million TPA

LPG 0.1021

Naphtha 0.2499

Diesel 0.7146

Phenol 0.0036

Total 1.0702

Products Million TPA

LPG 0.1021

Naphtha 0.2499

Diesel 0.7146

Phenol 0.0036

Total 1.0702

ProductsProducts Million TPAMillion TPA

LPGLPG 0.10210.1021

NaphthaNaphtha 0.24990.2499

DieselDiesel 0.71460.7146

PhenolPhenol 0.00360.0036

TotalTotal 1.07021.0702
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U-107 
HCK 

U-104   
H-OilDC 

U-102 &103   
Coal 

liquefaction 

U-105 
&106   

Gasifier 

 
Shenhua DCL Complex 

• World's Only Operating DCL Complex 
• Capacity: 6,000t/day of coal / 20,000 BPD of products  
• Start-up December 2008 
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Axens Services for 
Shenhua Direct Coal Liquefaction Project 

H-Oil Reactor Hydrotest 

Larsen & Toubro Ltd. 

Liquefaction Reactor Lift 

China First Heavy Industries 

 Axens Services 
 Process License for H-Oil DC 
 Basic Engineering Design 

• Process Design Basis 
• Liquefaction and H-Oil DC Units 
• Review of EPC Documents 
• HAZOP Review Meetings 
• Equipment Inspections 
 Operator Training 

• Operator Training Simulator (OTS) 
• Classroom Training 
• Training at Operating H-Oil Unit 
 Commissioning and Start-Up Assistance 

• Equipment/P&ID Conformance Checking 
• Commissioning, Start-Up and Continuing 

Operations 
 Catalyst Supply for H-Oil DC 
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H-Oil Reactors 
Coal Liquefaction 

Reactors 

H-Oil and Coal Liquefaction Reactors 
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Shenhua DCL Plant has Met Operational Targets 
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 Axens Overview 
 
 Direct Coal Liquefaction Process Technology 
 
 The Case for Synergy with Natural Gas 

 
 A Commercial CTL Facility 

 
 

Outline 
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US Coal and Natural Gas Supply 

 Nearly balanced in 
production and 
consumption 
 
 Net coal exporter 
 
 Diminishing/low natural 
gas imports…expected 
to be a net gas exporter 
this year 
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US Petroleum and Energy Prices 

 Since 1950 US is a net 
petroleum importer 
 Petroleum production 
has surpassed 
imports…but still a 
significant importer 
 Even with low current 
oil price, coal and 
natural gas prices are 
significantly lower 
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Location of US Coal Mines and Shale Gas 
Reserves – A Focus on Appalachia 
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Appalachian Focus 

 Coal production peaked in 2008 
• Overall US coal production has declined by 

nearly 25 % 
• Appalachia especially hard hit declining by 

nearly 40 % 

 Growth in shale gas production 
has been meteoric 
• Shale gas (local) price is discounted relative 

to Henry Hub market pricing 
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Coal Conversion to Liquid Fuel: Challenge 

 Increase hydrogen-to-carbon ratio to convert coal to liquid fuels 
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 Axens Overview 
 
 Direct Coal Liquefaction Process Technology 
 
 The Synergy with Natural Gas 

 
 A Commercial CTL/GTL Facility 

 
 

Outline 
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CTL - Liquid Fuels from Coal via H-Coal 

Liquid  
Products 

Sulphur /  
Ammonia 

H-Coal®  

Treatment 

Upgrading 
H2 

LPG 

liquid  
effluents 

gaseous  
effluents 

Solid  
Product 

CO2 
Capture 

POX O2 
Shift 
AGR 
PSA 

Raw 

Syngas 

C
oal 

Preparation 
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CTL/GTL - Liquid Fuels from Coal and 
Natural Gas via H-Coal 

Liquid  
Products 

Sulphur /  
Ammonia 

H-Coal®  

Treatment 

Upgrading 
H2 

LPG 

liquid  
effluents 

gaseous  
effluents 

Solid  
Product 

CO2 
Capture 

SMR NG 

Shift 
AGR 
PSA 

Raw 

Syngas 

C
oal 

Preparation 
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 CTL Case 
• 8,000 TPD coal feed to 

liquefaction…single train plant 
• Finished quality products meeting all 

ultra low sulfur fuel specifications 

 CTL/GTL Case 
• Increase yield/ton of coal by 40 % 
• Reduce Investment by 35 % 

 CO2 Emissions (CO2 Capture 
included) 
• CTL/GTL reduces CO2 emissions by 

15 % 
• For reference Syncrude Canada CO2 

emissions in 2012 were reported to be 
222 lb/bbl of synthetic crude oil 
produced from Canadian oil sands 

Plant Material Balance 
  CTL CTL/GTL 

Coal Feed, MF STPD     

   To Liquefaction 8,000 8,000 

   To Gasification 2,953 - 

   Total 10,953 8,000 

Natural Gas Feed, MMSCFD - 72.3 

Liquids, BPSD     

   C3/C4 LPG 2,815 2,815 

   Gasoline 9,328 9,328 

   ULSD 15,972 15,972 

   LSFO  2,819 2,819 

   Total Liquids 30,934 30,934 

Liquids, B/MT of Coal 3.1 4.3 

CO2 Emissions  lb/Bbl 224 192 

Estimated Investment, MM$ 4,636 3,118 

Estimated Investment, $/BPSD 
       

150,000  
       

101,000  
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The Technology Synergy 

    CTL CTL/GTL 

Coal Feed to Liquefaction TPD 8,000 8,000     

Coal Feed to Gasification TPD 2,953       

Natural Gas TPD     1,524   

Total TPD 10,953     9,524 

Carbon W% 71.8 71.8 75.0 72.3 

Hydrogen W% 5.0 5.0 25.0 8.2 

Nitrogen W% 3.2 3.2   2.7 

Sulfur W% 1.4 1.4   1.2 

Ash W% 8.4 8.4   7.0 

Oxygen W% 10.3 10.3   8.6 

H/C   0.8 0.8 4.0 1.4 
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 High sulfur bituminous 
coal @ $30/T 
 Natural gas $2.50/MMBtu 
@ Henry Hub  
• Discounted by $1/MMBtu for 

Appalachian location 
 CTL/GTL significantly 
improves returns 
…mainly from reduced 
investment 
 Economically viable with 
Brent at $65-75/bbl 
 

The Economic Synergy 
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 DCL is fully developed and a commercially 
deployed technology for production of high quality 
liquid fuels 
 There are significant logistical, technical and 
economic synergies for use of natural gas in DCL, 
especially in the US Appalachian area 
With readily available CO2 capture technologies a 
DCL facility using natural gas has a lower carbon 
footprint than Canadian oil sands 
 Economic returns on investment can be realized 
with crude oil price of $65-75/bbl  

Summary/Conclusions 


	Direct Coal Liquefaction�Synergy with Natural Gas
	Outline
	Outline
	Who is Axens (Briefly)
	2017 Acquisition of Heurtey Petrochem
	Axens Group:�A Complete Range of Solutions
	Axens Group
	Outline
	�Coal Conversion to Liquid Fuel: Challenge
	Overview – Indirect Liquefaction of Coal
	Overview – Direct Coal Liquefaction
	Direct Coal Liquefaction – Friedrich Bergius
	Axens Ebullated-Bed Technology
	Axens Direct Coal Liquefaction Technology�H-Coal® Process 
	Technology Options and Feed Flexibility
	H-Coal TS Product Yields and Process Performance
	Assessment of Development Status
	China - Shenhua Direct Coal Liquefaction Project 
	�Shenhua DCL Complex
	Axens Services for�Shenhua Direct Coal Liquefaction Project
	H-Oil and Coal Liquefaction Reactors
	Shenhua DCL Plant has Met Operational Targets
	Outline
	US Coal and Natural Gas Supply
	US Petroleum and Energy Prices
	Location of US Coal Mines and Shale Gas Reserves – A Focus on Appalachia
	Appalachian Focus
	�Coal Conversion to Liquid Fuel: Challenge
	Outline
	CTL - Liquid Fuels from Coal via H-Coal
	CTL/GTL - Liquid Fuels from Coal and Natural Gas via H-Coal
	Plant Material Balance
	The Technology Synergy
	The Economic Synergy
	Summary/Conclusions

